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The Syrian golden hamster flank organ, composed of 
clusters of large sebaceous glands, has been used to 
investigate effects of systemically or topically applied 
hormones, antiandrogens, and retinoids. Accurate as-
sessments of flank organ sebaceous gland volume and 
its correlation with in vivo measurements of flank organ 
size have not been reported. 
Sixty flank organs were examined. In vivo flank or-
gan size was expressed as the product of the greatest 
longitudinal (DL) and greatest transverse (DT) diame-
ters of the palpable bulk. Sebaceous gland volumes were 
calculated from planimetric analyses of serially sec-
tioned specimens of flank organs using a computer-
assisted planimetry system. 
In vivo measurements (DL x DT) were found to cor-
relate with planimetrically determined flank organ vol -
ume. Planimetric analysis of every lOth section of a 
serially sectioned flank organ was almost as sensitive as 
analysis of every section in determining sebaceous gland 
volume. 
Computer-assisted planimetry of serially sectioned 
flank organs was found to be an accurate and reprodu-
cible method for assessing gland volume. In vivo meas-
urements of the palpable bulk are a good indicator of 
sebaceous gland size and correlate well with planimet-
rically determined sebaceous gland volumes. 
A popular animal model for the study of pharmacologic 
inf1uences on the morphology of sebaceous glands is t he flank 
organ of the Syrian go lden hamster [1- 10] . One of t hese organs 
is located on each side of the back of the an imal. Each fl ank 
organ consists of clusters of large sebaceous glands which 
resemble human sebaceous glands with respect to anatomic 
features and responses to hormonal sti muli [1 - 3]. In addition, 
the flank organ contains coarse black hairs and "dermal pig-
ment cells." Grossly, the shaved organ of the male hamster can 
be appreciated as an oval pigmented spot with palpable bulk 
measuring 5 to 10 mm in diameter. The flank organ of female 
or castrated male hamsters is considerably smaller with less 
pigment. This model has been used to determine effects of 
systemically or topically applied hormones, antiandrogens, and 
retinoids [2- 8]. 
To assess changes of ll ank organ s ize, measurment of the 
diameter of the "pigmented spot" [2], scoring the "palpable 
bulk" on a 4-digit scale [3], weighing the excised flank organ, 
and determining cholesterol content [6] have been utilized. 
On histologic sections of flank organ specimens, individual 
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sebaceous gland acini have been measured with an ocular 
micrometer [6], cross -sectional areas of the sebaceous glands 
of the "five center follicles" have been measured by planimetry 
[3], and cut-out drawings of microscopic images of "center 
sections" of flank organs projected onto paper have been 
weighed [9,10]. Others have relied on a qualitative descript ion 
of histologic features [7,8], autoradiographically determined 
labeling indices [3], or [3H]thymidine uptake by flank oro-an 
homogenates [11]. " 
Accurate determinations of volumes of sebaceous glands of 
entire 11ank organs and data on numerical correlations betwee n 
histologic gland volumes and gross measurements of the exter-
nal dimensions of the flank organs have not been previously 
reported. We have determined the volumes of 60 llank organs 
by evaluating cross-sectional areas of serially sectioned speci-
mens using computerized planimetry and correlated these find-
ings to gross measurements of t he organs in vivo. 
MATERIALS AND METHODS 
Animals 
Thirty adul t ma le Sy rian golden hamsters , purchased from Charles 
River Breeding Laborato ries, Wilmington, Massachusetts, we ighin o-
80- 110 g, were invest igated. These a nimals were pa rt of a study t~ 
evaluate the effects of topically app lied antiandrogens, the results of 
which will be published elsewhere [1 2]. Three animals were castrated· 
others had rece ived topical app licat ions of cyproterone acetate, spiron~ 
olactone, or a vehicle to the flank organ o n one s ide of t he body. 
Gross Mca.~uremC'nts 
T he skin overlying the 1lank organs was closely shaved with a n 
e lectric hair clipper and the visib le or palpab le bulk of the organs-
rather t ha n the area of pigmentation- was measured. Measurements 
we re taken with a th in meta l ruler gently pressed upon the flank organ 
to create a pla ne measuring surface. The la rgest longitudina l di ameter 
(DL) and the largest transverse diameter (DT) in millimeters were 
measured and flank organ size was expressed as the product of DL x 
DT in mm2• All measurements were taken by the same investigator. 
Hist.ologic T cchniqu.es 
Animals were sacrificed by exposure to halothane, and recta ngular 
strips of skin containing the !lank organs were excised and mounted 
on small pieces of cardboard. The specimens were fixed in Ka rnovs ki 's 
fixative for 18 h and then bisected a long the greatest longitudinal 
dia meter. Bot h halves were embedded together in paraffin blocks. The 
entire blocks were cut serially int.o 10-11m sections. All t he sections of 
3 randomly se lec ted blocl< s were mounted a nd stained to determine the 
number of s lides necessary for evaluation of sebaceous gland volume. 
Of a ll the other serially sectioned specime ns, on ly every 1Oth section 
was mounted. Slides were stained with hematoxylin and eosin and 
labeled with randomly assigned code numbers to permit "blind" eval-
uation. 
Planimetry 
The Zeiss Videoplan System (Carl Zeiss, Oberkochen, West Ger-
many) was used to determine cross-sectional areas of sebaceous glands. 
This system (Fig 1) consists of a magnetic digitiz ing tablet connected 
to a computer des igned to ana lyze and process two-dimens ional images. 
A microscope is linked to the digiti zing tablet. by an illuminated cursor, 
t he image o r which is projec ted into the microscope's visual lield via a 
ca.m.era Iucida. 
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Fie; l. Zeiss Videoplan System con -
sisting of H com put er (left) , a digitizing 
tablet ( n).:h/), a nd an illuminated cursor 
(fa r ritjhl, on corner of tableL). The mi-
croscope is eqUipped w1th a draw1ng 
tube. 
F Jf; :2. A, Typical histo logic section 
t hrough t he cen te r of a fl a nk o rg-a n (o rig-
inal magnification X :25). It cons ists of 
larue sebaceous glands a nd dark ly p lg-
me~ted ha ir fo ll ic les. 8, Tracing of the 
o utline of the sebaceous gla nd cluste rs 
illus trated in (A). Foll icu la r st ructures 
are not included. Lum ina of infundibula 
filled w ith sebaceous ce ll s are cons idered 
sebaceous st ructures. 
Using a 2.!JX object ive, the outline of t he e ntire cluster of sebaceous 
g lands (Fig 2A,B) rathe r than individua l ac ini was traced wit h t he 
cu rsor , a nd care was taken not to include fo ll icu la r st ructures. When 
sebaceous gla nds were wide ly separated (e.g., in castrated hamste rs or 
in som e treated an ima ls) , individua l ac ini we re t raced and t he individ-
ua l areas o f eac h section were added. The following parameters were 
determined for eac h section: 
1. Cross-sectio na l area (A) in mm 2. 
2. G reatest dia meter (D) in mm . 
For each se ri a ll y sectioned orga n, t he fo llowing pa rameters were 
determined: 
1. M a ximal c ross-sectional area (A,.,) as t he greatest va lue of A in 
mm2. 
2. M ax imal diameter (0,.,) as the greatest va lue of D in mm . 
3 . F la nk o rgan vo lume (V) in mm3 accordi ng to t he De Jesse principle 
[13 ]: 
V = IA X T. 
I A = sum o f a ll cross-sectiona l a reas 
T =thick ness of tissue section rep resented by a single s lide; 
e.g., T = 0.01 mm if every section was counted; T = 0.1 
mm if every lOth sect ion was counted. 
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To test. t he rep roducibility of measurements, sect ions of :1 randomly 
se lected fl ank organs were each subjected to p lanimet r ic evaluation 3 
t imes. All p la nimet ri c evaluations were performed by the same in ves -
tig-ator fo r the sake of cons istency. 
S'talistical Anol_vsi.< 
To test for significant co rre lation of two variables the 1-t.est for linear 
regress ion was used. 
RESULTS 
Sensitivity 
Between 200 and 400 sectio n s were obtained when a flank 
organ was completely sectione d. The cross-sectional a rea meas-
ure ments obta ined by analyzing a ll sectio n s of a typical serially 
sectio ned flank organ are given in Fig 3. 
Us ing fewer sectio n s in t roduces an error in t h e estimation of 
V,,.x a nd Am..., wh ic h was fou n d to be inve rsely related to t h e 
number of sections exam ined (Table I). Usin g every lOth sec-
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tion, the average error in the calculation of V was found to be 
0.9%. 
centage of error was about twice as high for repeated evalua-
tions of Am,, (Table II) . 
Reproducibility Correlations of Planimetry and Gross M easurements 
Repeated planimetric measurements revealed relatively small 
errors 111 the determination of volumes (Table II). The per-
A very close significant correlation was found between !1ank 
organ volume (V) and maximal cross-sectional area (A,,,.), both 
parameters obtained by planimetry (Table III). The corre lation 
between D.,,, and V was equa lly significant with a lower coef-
ficient of correlation (Table Ill) . 
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All of t he parameters of !1ank organ size obtained in vivo 
(DL, DT, and DL X DT) correlated with planimetrically deter-
mined f1ank organ volume, with DL X DT having the greatest 
coefficient of correlation (Fig 4). The wide range of f1ank organ 
sizes is due to the fact that some animals had been castrated 
or treated unilaterally with topically applied antiandrogens 
[12]. 
The coefficients of correlation are li sted in Table IlL Com-
bining A,,,, with any of the in vivo parameters did not result in 
a closer corre lat ion with t1ank organ volume compared to A 
alone. nwx 
DISCUSSION 
A computerized planimetry system has been employed to 
facilitate the analysis of t he large number of sections required 
TABLE III. Linear regression. analysis 
A ..... v o,, ••. v DL x OT-V DL-V DT-V 
Coe ffi cienL of 0.957 0.831 0.881 0.868 0.871 
correlation 
p 0.000 0.000 0.000 0.000 0.000 
F IG 3. Distribution of cross-sectional a reas of 34 7 sections of se ri -
ally sectioned fl ank organ. The ordinate represents the frequency wit h 
which a specill c cross-sectional area was found and the abscissa repre-
se nts the cross-sec tiona l area in mm2 . For example, an area of 3.0 mm 2 
was found in 5 sectio ns. 
The correlaLion beLween planimetri ca lly dete rmined flank organ 
volume (V) and planimetric max imal diameter (0,,,), largest measured 
longitudina l diamete r (DL) , largest measured transverse diameter 
(DT), max imal cross-sectiona l area (A,,,) and DL X DT. p = Proba -
bility of error. 
TABLE I. Effects of varying numbers of sed ions used in. cleterm.inin.~: fla11h organ volume (V) and maximal cross-sect ional area (AmaxJ 
v 1/ 1 v 1/10 v 1/20 v 1/40 
Flank organ A 8.19 8. 17 (-0.3%) 8. 10 (-l.l %) 7.60 (-7 .3'10 ) 
Flank organ B 6.16 6.03 (-2 .2%) 5.97 (-il .O%) 6.:30 (+2.3%) 
Flank organ C 6.02 6.03 (+0.2 %) 6.18 (+2.7 %) 6.40 (+6.4 %) 
Average absolute error 0.9% 2.3% 5.3% 
A ..... 1/ 1 A,, •• 1/10 A.,.,, 1/20 A.,.., 1/40 
-
Flank organ A 3.48 3.29 (-5.5%) 3.23 (-7.2%) 2.88 (- 17.2 %) 
Flank or~an B il.45 3.00 (-13.0%) 3.00 ( -13.0%) :1 .58 (-24.22% ) 
Flank organ C 3.31 3.09 (-6.6%) 3.06 (-7.6%) 2.90 (-12.4 %) 
Avera~e abso lute error 8.4 % 9.3% 18.3% 
1/ 1 = Every section coumed; 1/ 10- every lOth sec tion counted; 1/20- every 20th sec tion counted; 1/40 =every 40t h sec tion counted . 
TABLE II. fl epeated planimetric mea~urement of fla.nh organ volume (V) and maximum cross-sectional area (A,,,) of three flanh organs on three 
seporaLe on:a . ..;ion.-.; 
V I V2 v~ Mean V ± SD 
Flank organ I 6.99 7.07 7.:30 
% dev. from mean -1.85% -0.63 % +2.50 % 7.12 ± .13 
Flank organ I I 5.87 5.73 5.47 
% clev. from mean +3. 1:1 % +0.53% -3.83% 5.69±.16 
Flank organ I li 7.35 7.34 7.48 
% dev. from mean -0.54 % -0.66% +1 .22% 7.39 ± .06 
Am•• 1 A,,., 2 A .... :1 Mean A.,11 .. ± SD 
Flank organ I 2.96 :3 .20 3.05 
% dev. from mea n -3.58% +4.23% -0.65'1o 3.07 ± 0. 10 
Flank organ li 2.92 2.72 2.61 
% clev. from mean +6.18% - 1.09% -5.09% 2.75 ± 0.1 3 
Flank organ III 3.46 3.46 3.62 
% dev. from mean - 1.42% -1.42 % +3.13% 3.51 ± 0.08 
v 1, V 2, V 3 =Flank organ vo lumes de termined on 3 separate occasions; A"'"' I, A,,, 2, A ... ,, :3 = maximal cros:-sect.iona l areas det ermined 
on :1 ~epa rat.e occasions. 
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F IG 4. Correlation between in vivo measurements of l1ank organ 
size (OL x OT) and plan imetrically determined l1ank organ volume of 
60 n an k organs (r = 0.881; p = 0.000) . 
to determine t he sebaceous gland volumes of entire f1ank or-
gans. · f. · 11 · d · Process ing every sectwn o sena y sectwne spec1mens re-
sulted in such a large number of slides that t his approach 
became impractical for routine use. The error introduced by 
using only every lOth section w~s found to be ~cc~ptab le in 
view of the sizable reductiOn ot t he number of shdes to be 
processed and a na lyzed .. Further reduction of t he numbers of 
sections exam med was found to result 111 decreased accuracy. 
T herefore, using every lOth section was maintained as our 
standard procedure. Reproducibility of this method was found 
to be satisfactory. 
An important finding is t he close and highly s ignificant 
correlation between in vivo measurements of the bulk of the 
flank organ and planimetrically determined gla nd volume. T he 
product of greatest longitudina l a nd tran~verse ?iameters cor-
related slight ly better w1th volume t han e1ther d1ameter alone. 
T his relation betwee n in vivo assessment and gland size was 
suggested previous!~ by Frost eta! [3], who cons idered palpable 
th ickening a better md1cato r of sebaceous gland s1ze than area 
of pigmentation. Recently, Vermorken et a l [9] a nd Goos eta! 
[ 10] have question~d t~e va~idity of i~ vivo observatiOns of the 
flank organ after hndmg d1screpancws between the d1ameter 
of the area of pigmentation and cross-sectional area of histo-
logic sections. We have shown in t his study that in vivo 
measurements of the flank organ are a reliable parameter for 
sebaceous gla nd volume when t he palpable or visible bulk is 
measured. Therefore, in our view, gross measurements of the 
fla nk organ a re useful for assessing t he effects of topically and 
systemically applied medications on sebaceous glands. 
Another model used for t hi s purpose consists of the sebaceous 
g la nds in the ear of t he Syria n hamster [14- 16], in which 
assessment of sebaceous gland size depends entirely on plani -
metry of histologic sections . In co ntrast, ch ronologie effects of 
a medication can be easily assessed in vivo when the flank 
organ model is used without sacrificing t he animals. 
P la nimetry was found to be an accurate a nd feasible method 
to study fl a nk organ size and sensitive enough to detect even 
s ubtle differences in volume. While t he greatest histologic 
diameter (Dn,.,.) proved to be a slight ly less se nsitive parameter, 
the largest cross-sectional area (A,n,) turned out to be a n 
excellent indicator of gla nd volume. Flank organ volume, as 
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determ ined by planimetric a nalysis of 40- 50 sections per flank 
organ, was far more reproducible than A,,., which relies on the 
measuremen t of only one section . Even when assisted by a 
compute r, p la nimet.ry of histo logic sections has its limitatio ns 
in accuracy, especially when low-powe r magnification is used. 
One source of error may be the d iameter of the projected image 
of the light cursor used to trace t he co ntours of the sebaceous 
gla nds; another, t he occasional diffi culty of clearly discerning 
between sebaceous and follicular structures. Presumably for 
t hese reaso ns, volume was found to be a more reproducible 
parameter t han A,ux· 
In co nclusio n, compute r-assisted planimetry of seria lly sec-
tioned flank organs is a reproducible and useful method to 
accurately assess gland volume. In vivo measurements of the 
palpable bull? of t hese organs are a reliable ind icator of seba-
ceous gland volume, t hus confirming the usefulness of this 
model for studying the effects of pharmacologic agents on 
sebaceous glands. 
We are indebted 1.0 Sidney Bernstei n (Sci Medicorp , Ft . Lauderdale, 
Florida) for provid i n~: the Zeiss Videoplan System and Ken Bawer 
(Karl Zeiss Inc, Englewood, New Jersey) for technical assistance. 
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